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ABSTRACT
A leaf spring assembly for a vehicle having a frame and an axle. The leat spring
assembly includes a first leaf spring and a trailing arm having first and second ends. The
first end of the trailing arm adapted to be coupled to the frame to form a trailing arm
attachment point. The first leaf spring is disposed beneath the trailing arm and includes a
width defining a lateral direction and first and second ends defining a longitudinal
direction. The first end of the first leaf spring being concentrically wound with the first

end of the trailing arm and adapted to be attached to the frame.
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VEHICLE FRONT END SUSPENSION

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of Provisional Application No. 60/754,752,
filed December 28, 2005, the disclosure of which is hereby expressly incorporated by
reterence.

BACKGROUND

Modern heavy-duty trucks are typically equipped with beam axles and leat spring
suspensions. Leaf springs provide a simple and economical assembly for locating and
controlling articulation of the axle. Within available design space, it is often not possible
to design a spring that has both the necessary load capacity and a spring rate low enough
for optimal ride comfort. Also, because the roll stiffness produced by a pair of leaf
springs derives mostly from their vertical stiffness, leaf springs having low spring rates
may not provide adequate roll stiffness. This requires the use of supplementary roll
stiffening mechanisms, such as anti-roll bars.

Air springs are commonly used on the rear axle suspensions of heavy trucks, in
part because it is easier to achieve low spring rates with air springs than other types of
springs. However, air springs provide no axle locating or structural functionality. As
such, other assemblies for locating and controlling axle motion must be provided.

On rear axle air suspensions, various types of linkages are used to locate and
control the axle motion. In most cases, lateral positioning of the axle includes the use of
a transverse rod that has one end pivotally connected to the axle and the other end
pivotally connected to the truck tframe. Alternatively a V-link structure may be used to

react lateral loads. Vehicles with front mounted engines precludes the use of these types
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of linkages for front axle air suspensions. Hence, lateral loads must be reacted through
other types of assemblies.

U.S. Patent No. 4,856,812, issued to Stephens et al., the disclosure of which i1s
hereby expressly incorporated by reference, describes one approach to incorporating air
springs into a front suspension to achieve a low vertical spring rate along with a linkage
that locates the axle and resists lateral loads. A pair of stiff beams pivotally connects the
axle to forward pivots. Two air springs are interposed between each beam and the
vehicle frame and support the sprung mass. A "double shackle"” linkage i1s used at the rear
of the beam to allow the rear of the beam to move vertically without restraint. Lateral
loads applied to the axle are reacted through the forward ends of each beam at the
forward pivots and through the linkages at the rear of each beam at the rear frame
brackets.

A portion of the suspension roll stiffness 1s provided by the roll couple produced
by the pairs of air springs on each side of the vehicle as the chassis rolls relative to the
axle. Supplemental roll stiffness is generated from the flexural stiffness of the forward
ends of the beams and the torsional stiffness of the axle which together act as an anti-roll
bar under roll deflection. Some additional roll stiftness ts produced from direct twisting
of the beams themselves.

A disadvantage of this design is the introduction of additional linkages and pivots
to the rear of each beam. The pivots located at the ends of the beams are particularly
troublesome since they must support a bending moment when the axle is subjected to

lateral loads, introducing the potential for wear and lash in the linkage.
SUMMARY

This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This summary is not
intended to identity key features of the claimed subject matter, nor is it intended to be
used as an aid in determining the scope of the claimed subject matter.

A leaf spring assembly for a vehicle having a frame and an axle. The leaf spring
assembly includes a first leat spring and a trailing arm having first and second ends. The
first end of the trailing arm adapted to be coupled to the frame to form a trailing arm
attachment point. The first leaf spring is disposed beneath the trailing arm and includes a

width defining a lateral direction and first and second ends defining a longitudinal
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direction. The first end of the first leaf spring being concentrically wound with the first
end of the trailing arm and adapted to be attached to the frame.

The second end of the first leaf spring is adapted to be coupled to the frame by an
attachment mechanism, wherein the attachment mechanism permits movement of the first
leaf spring in the longitudinal direction while restraining movement of the first leat spring
in the lateral direction. The leaf spring assembly also including a restraint located In
proximity to the trailing arm attachment point and configured to permit movement of the
leaf spring relative to the trailing arm in the longitudinal direction and restraining motion

of the leaf spring relative to the trailing arm in the lateral direction.
DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this disclosure will
become better understood by reference to the following detailed description, when taken
in conjunction with the accompanying drawings, wherein:

FIGURE 1 is an isometric view of a vehicle suspension system constructed in
accordance with one embodiment of the present disclosure;

FIGURE 2 is an 1sometric view of the vehicle suspension system of FIGURE 1;

FIGURE 3A is an i1sometric view of one attachment end of the vehicle suspension
system of FIGURE 1, and showing the use of a protuberance and groove to limit lateral
slippage;

FIGURE 3B is an isometric view of the one attachment end of FIGURE 3A
constructed in accordance with one embodiment of the present disclosure, and showing

the use of a bracket to limit lateral slippage; and

FIGURE 4 is an isometric view of a vehicle suspension system constructed in
accordance with another embodiment of the present disclosure.

DETAILED DESCRIPTION

A vehicle suspension assembly 100 constructed 1n accordance with one
embodiment of the present disclosure may be best understood by referring to
FIGURES 1-3. The suspension assembly 100 is suitable, but is not limited to, for use in a
front end of a vehicle (not shown) equipped with a beam axle 108. Generally described,
the suspension assembly 100 provides a low sprung mass natural frequency, a low

vertical spring rate, and high roll stiffness without the use of supplementary roll

stabilization mechanisms.
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The vehicle suspension assembly 100 includes a pair of leaf springs 102 and two

air springs 122. The air springs 122 are interposed between a frame 110 and each leat
spring assembly 102. The lower ends of the air springs 122 are attached to a spring
clamp 116. In one embodiment, one air spring 122 is located directly over an axle 108
and one is located aft of the axle 108. Damping of the suspension motion is provided by
hydraulic shock absorbers 124.

While the fore-aft position of the springs 122 can vary, a low suspension spring
rate is facilitated by keeping the air springs as far forward as possible consistent with
other design constraints. A single, larger air spring 122 having higher load capacity could
be used in place of the two smaller air springs. However, packaging considerations favor
the use of two smaller springs 122 to improve clearance to engine equipment on the
inboard side and steering arms and brake hardware on the outboard side.

Each air spring 122 is equipped with an internal bump stop (not shown) to limit
travel of the suspension in compression. Rebound travel 1s limited by the extension limit
of the shock absorber. Other types of compression and rebound travel limiting
apparatuses are within the scope of the present disclosure, such as an external bump stop.

Still referring to FIGURES 1-3, each spring assembly 102 includes a leaf
spring 104 and a trailing arm 106. In the preferred embodiment, the trailing arm 106 1s
located above the leaf spring 104.

A forward end of the trailing arm 106 is pivotally connected to the frame 110 of
the vehicle at a forward pivot 112 by a well-known pin 80 and defining a trailing arm.
The rearward end of the trailing arm 106 is fixedly attached to the axle 108 by the spring
clamp 116. The spring clamp includes a pair of fasteners 82, such as U-bolts. Although
directional terms, such as forward, rearward, upward, downward, fore, aft, etc., may be
used from time to time throughout, it should be apparent that such terms are used as a
matter of convenience and, unless otherwise indicated, should not be construed as
[imiting.

The trailing arm 106 is relatively thick when compared to the leaf spring 104 and
serves as the primary fore-aft locating assembly for the axle 108. The trailing arm 106 is
tapered along its length with a non-linear thickness profile that maintains a substantially
constant flexural stress along its length under load. This maximizes the efficiency of the

leaf spring assembly 102.
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The maximum thickness of the trailing arm 106 is driven by two requirements.
First, it must not be overstressed under maximum applied brake torque. Second, it must
contribute sufficient roll stiffness, so that in combination with the roll stiffness
contributed by the air springs 122, the total roll stiffness meets a predetermined design
target. The trailing arms 106 contribute stiftness through two mechanisms. The first,
which is described in greater detail below, is that resulting from twisting of the trailing
arms 106 as the chassis rolls relative to the axle 108.

The second is the roll stiffness that comes from an anti-roll bar formed by the
trailing arms 106 and the axle 108. In this case, it 1s the torsional stiffness of the axle 108
and the flexural stiffness of the trailing arms 106 that define the roll stiffness. As the
chassis rolls, one trailing arm 106 1s deflected up and the other down. The trailing
arms 106 bend and apply a torque to the axle 108. The total roll stiffness is the sum of
the roll stiffness contributions from the air springs 122, the direct torsion of the trailing
arms 106 and the anti-roll bar formed by the trailing arms 106 and the axle 108. Thus,
the trailing arm 106 serves as the primary member for resisting brake torque and provides
supplementary roll stiffness during operation of the vehicle.

The leaf spring 104 need not contribute much to the spring rate of the suspension
assembly 100. However, it must be sized such that it 1s stiff under lateral loading and is
not overstressed when fully-deflected. The forward end of the leaf spring 104 serves as a
redundant fore-aft restraint. In the event that the trailing arm 106 fails, the wound eye of
the forward end of the leaf spring 104 is sized to support the resulting maximum imposed
tore-aft load.

The trailing arm 106 is connected to the forward pivot 112 at its forward end by a
wound eye having the pivot pin 80 passing therethrough. The wound eye of the trailing
arm 106 fits fairly tightly around the pivot pin (i.e., some rotation is permitted). Due
primarily to the thickness of the trailing arm 106, the trailing arm 106 has a torsional
stiftness suitable for resisting twisting along its length normally associated with vehicle
use. This resistance to twisting of the trailing arm 106 helps to aid in providing roll
stiffness to the suspension assembly 100 without the use of supplementary roll
stabilization mechanisms.

The leat spring 104 is likewise fixed to the axle 108 by the fasteners 82 and is
clamped between the trailing arm 106 and the axle 108. The leaf spring 104 extends from
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the axle 108 to the forward pivot 112 and terminates with a wound eye that is concentric
with the wound eye of the trailing arm 106, such that the leaf spring 104 wraps around the
wound eye of the trailing arm 106.

It is desirable that the wound eye of the leaf spring 104 does not tightly wrap
around the wound eye of the trailing arm 106. As configured, this permits the forward
end of the leaf spring 104 to move (slide) longitudinally forward and aft relative to the
forward pivot 112. A rear portion of the leaf spring 104 extends aft and is pivotally
connected to an attachment mechanism 114, such as a pivot shackle, coupled to the
frame 110 of the vehicle. The rear portion of the leaf spring 104 1s, thus, permitted to
have longitudinal movement while restraining lateral movement.

As attached, both the forward and rear ends of the leaf spring 104 may move in a
longitudinal direction during operation. Such a configuration is unlike previously
developed leaf spring assemblies, where only one end is able to move longitudinally,
such as through a shackle, and the other 1s restrained from longitudinal movement by a
traditional pivot assembly. While the preferred embodiment uses pivot shackles, a
slipper-type connection could also be employed to accommodate the fore-aft motion of
the rear end of the leaf spring 104 as the suspension articulates.

The leaf spring 104 is relatively thin compared to the trailing arm 106. The front
and rear portions of the leaf spring 104 may have equal or unequal lengths as dictated by
specific engineering design constraints. The thickness of the forward portion of the leaf
spring 104 i1s designed to have sufficient strength to restrain rearward motion of the

axle 108 in the event that the trailing arm 106 fails. It also contributes lateral stiffness,

but has no other function in normal operation. The flexural and torsional stiffness of the
leaf spring 104 is low when compared to the trailing arm 106. As such, it does not
significantly supplement the flexural and torsional stiffness provided by the trailing
arm 106.

The rear portion of the leaf spring 104 is designed to have low flexural stiffness in
the vertical direction, but high flexural stiffness in a transverse direction. As a
non-limiting example, the vertical flexural stiffness of the rear portion of the leaf
spring 104 is less than 2% of the flexural stiffness of the forward portion of the trailing
arm 106, and preferably would not exceed more than about 10% of the stiffness of the

trailing arm 106. In a non-limiting embodiment, the rear end of the leaf spring 104
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supports substantially no vertical load at the design position; i.e., the condition where the
suspension assembly 100 is supporting 1ts full rated load and the suspension
assembly 100 is at its design ride height.

The leaf spring 104 and trailing arm 106 are connected to the axle 108 by a
bolt (not shown) located at a center of a spring clamp 116. Specifically, a head of the bolt
extends into a hole (not shown) in the axle 108 so that fore-aft and transverse axle loads
are effectively transferred to the spring assembly 102 without dependency on friction
generated between the leaf spring 104 and the axle 108.

As may be best seen by referring to FIGURE 3A, the leaf spring 104 is laterally
restrained to the trailing arm 106 by a restraint 118 rolled into the leaf spring 104 and
trailing arm 106. One suitable restraint 118 includes a protuberance 140 and groove 142.
The protuberance 140 is formed on the trailing arm 106 and 1s sized and configured to fit
within the groove 142 extending through one end of the leaf spring 104. The groove 142
is sized to permit a predetermined amount of sliding (e.g., longitudinal) motion of the leat
spring 104 relative to the trailing arm 106 during use. Although the end of the leaf spring
104 can slide relative to the trailing arm 106 as the assembly deflects, there 1s no relative
motion at the axle clamp. Although the groove 142 is sized to permit sliding motion of
the protuberance 140, lateral motion of the protuberance 140 1s resisted by the
interference of the protuberance 140 with the sidewalls of the groove 142.

Another more favorable embodiment of the restraint 118 has a groove 142 rolled
into the underside of the leaf spring 104 which results in a corresponding

protuberance 140, on the top side of the leat spring 104. A similar but longer groove (not

shown) is rolled into the underside of the trailing arm 106. The protuberance 140 on the
top side of the leaf spring 104 nests into the groove on the trailing arm 106. The spring
eye on leaf spring 104 is wound around the eye on the trailing arm 106 with small enough
clearance so that the protuberance 140 on the leaf spring 104 cannot disengage from the
groove In trailing arm 106. The groove and protuberance are sized so that relative lateral
movement is precluded but relative fore-aft movement is permitted.

The trailing arm 106 has a wound eye that carries a pin and bushing assembly.
This 1s the primary attachment to the frame 110 at the forward end. The leaf spring 104
has a "wrapped" eye, or spring eye, that i1s wound around the trailing arm wound eye

attachment point. This results in a redundant restraint that provides fore-aft restraint in
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the event that the trailing arm 106 breaks. There i1s clearance between the wrapped eye
on the leat spring 104 and the eye on the trailing arm 106 so that the necessary relative
fore-aft movement between the ends of the spring can occur as the trailing arm 106 and
leaf spring 140 flex under load.

While two embodiments of the restraint 118 are set forth above, it should be
apparent that other types of restraints 118 are also within the scope of the present
disclosure. As non-limiting examples, a pin and slot assembly, tongue and interlocking
eroove assembly, etc. and their equivalents are also considered to be suitable
restraints 118. As such, other types of restraints are within the scope of the present
disclosure.

A restraint 218 constructed in accordance with yet another embodiment of the
present disclosure may be best understood by referring to FIGURE 3B. The restraint 218
is a strap clamp 120. The strap clamp 120, or similar device, i1s clamped around the
forward end of the leaf spring assembly 102 at a location substantially located near the
wound eye. The strap clamp 120 transmits lateral loads between the leat spring 104 and
the trailing arm 106. Further, the strap clamp 120 may also be utilized to limit relative
yaw motion between the leaf spring 104 and the trailing arm 106.

The strap clamp 120 is suitably riveted to the leaf spring 104 and includes a
bolt 160 connecting the upturned legs of the clamp. The strap clamp 160 restrains
relative lateral motion (or yawing) between the spring leaf 104 and the trailing arm 106,
but allows relative longitudinal motion in the same fashion as the groove and

protuberance.

A suspension system 200 constructed in accordance with another embodiment of
the present disclosure may be best understood by referring to FIGURE 4. The suspension
system 200 is substantially identical in materials and operation as the preferred
embodiment, with the following exception. The suspension system 200 a second leaf
spring 208 disposed beneath the leaf spring 104 for increased weight bearing capacity.
The inclusion of the second leat spring 208 increases the load capacity of the suspension
assembly without changing the design of any suspension elements. The load supported
by the air springs (not shown) 1s unchanged but a higher fraction of the load is supported
by the leat spring assembly. The leaf spring 104 is still moveably coupled at its forward
end by the restraint 118.

PCCR\28640AP -8-
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The foregoing embodiments of the restraint 118 effectively couples the leaf
spring 104 and the trailing arm 106 together to minimize relative yaw motion between the
leaf spring 104 and the trailing arm 106. As configured, the leaf spring assembly 102
provides a substantially continuous element extending from the forward pivot 112 to the
attachment mechanism 114. This configuration provides high lateral stiffness, without
introducing additional pivot points and parts.

While tllustrative embodiments have been illustrated and described, 1t will be
appreciated that various changes can be made therein without departing from the spirit

and scope of the invention.
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CLAIMS
The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A leaf spring assembly for a vehicle having a frame and an axle, the leaf

spring assembly, comprising:

(a) a trailing arm having first and second ends, the first end adapted to
be coupled to the frame to define a trailing arm attachment point;

(b)  a first leaf spring disposed beneath the trailing arm, the first leaf
spring having a width defining a lateral direction and first and second ends defining a
longitudinal direction, the first end of the first leat spring being concentrically wound
with the first end of the trailing arm, the second end of the first leat spring adapted to be
coupled to the frame by an attachment mechanism, wherein the attachment mechanism
permits movement of the first leat spring in the longitudinal direction while restraining
movement of the first leaf spring in the lateral direction; and

(¢) a restraint located in proximity to the trailing arm attachment point
and configured to permit movement of the leat spring relative to the trailing arm in the

longitudinal direction and restraining motion of the leaf spring relative to the trailing arm

in the lateral direction.

2. The leaf spring assembly of Claim 1, wherein the restraint includes a

protuberance formed on the first leaf spring and a groove formed in the tratling arm.

3. The leaf spring assembly of Claim 1, wherein the restraint includes a

protuberance formed on the trailing arm and a groove formed in the first leaf spring.

4, The leat spring assembly of Claim 1, wherein the restraint includes a strap

clamp.

S, The leat spring assembly of Claim 1, further comprising a second leaf

spring disposed beneath the second end of the first leaf spring.

6. The leaf spring assembly of Claim 5, wherein the restraint includes a

protuberance formed on the first leat spring and a groove formed in the trailing arm.
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7. The leat spring assembly of Claim 5, wherein the restraint includes a

protuberance formed on the trailing arm and a groove formed in the first leaf spring.

8. The leat spring assembly of Claim 1, wherein the first end of the first leaf

spring 1s spaced from the first end of the trailing arm.

9. A leat spring assembly for a vehicle having a frame and an axle, the leaf
spring assembly, comprising:

(a) a trailing arm having first and second ends, the first end configured
to be coupled to the frame to define a trailing arm attachment point and the second end
adapted to be coupled to the axle;

(b) a first leat spring having first and second ends defining a
longitudinal direction and a width defining a width, the first end of the first leaf spring
being concentrically wound with the first end of the trailing arm and configured to define
a spacing between the first end of the first leaf spring and the first end of the trailing arm;

(C) a restraint coupled to the first ends of the trailing arm and the first
leat spring, the restraint adapted to permit motion of the first leaf spring relative to the
trailing arm in the longitudinal direction and confining motion of the first leaf spring
relative to the trailing arm in the lateral direction; and

(d)  an attachment mechanism extending from the second end of the
first leat spring and adapted to couple the first leaf spring to the frame, the attachment
mechanism permitting movement of the first leaf spring in the longitudinal direction and

restraining movement of the first leaf spring in the lateral direction.

10.  The leat spring assembly of Claim 9, wherein the restraint includes a
protuberance on the first end of the first leaf spring and a groove on the first end of the

trailing arm.

11.  The leat spring assembly of Claim 9, wherein the restraint includes a
protuberance on the first end of the trailing arm and a groove on the first end of the first

leaf spring.

12. The leat spring assembly of Claim 9, wherein the restraint includes a strap

clamp extending around the first ends of the trailing arm and the first leaf spring.
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13.  The leaf spring assembly of Claim 9, further comprising a second leat

spring coupled to the second end of the first leaf spring.

14. A leaf spring assembly for a vehicle having a frame and an axle, the leaf
spring assembly, comprising:

(a) a trailing arm having a first end adapted to be fastened to the frame
by a wound eye;

(b) a first leaf spring having first and second ends defining a
longitudinal direction and a width defining a lateral direction, the first end of the first leaf
spring being concentrically wound with the first end of the trailing arm;

(¢) an attachment mechanism extending from the second end of the
first leaf spring and adapted to selectively permit movement of the first leaf spring in the
longitudinal direction and restrain movement in the lateral direction when the attachment
mechanism is attached to the frame; and

(d)  means for restraining movement of the first leaf spring relative to
the trailing arm in the lateral direction and permitting movement of the first leat spring

relative to the trailing arm in the longitudinal direction.

15.  The leaf spring assembly of Claim 14, further comprising a second leat

spring coupled to the second end of the first leat spring.

Smart & Biggar
Ottawa, Canada
Patent Agents
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